Results and discussion
The caudal neural plate contains both prospective neural and epidermal cells
To investigate cell fate choice in the CNP, the lineage tracer DiI was used to label groups of 30-40 epiblast cells in this region, adjacent to the rostral primitive streak/node at Hamburger and Hamilton stage 6 (HH6) [5] (Figures 1a,b ) and embryos were then incubated until they reached HH12/13. Strikingly, cells in this region contributed to not only the neural tube, but also to epidermis (n = 9/9 embryos) as well as somitic tissue (5/9 embryos) (Figures 1c-f) . In contrast, cells in the same medio-lateral position in the neural plate rostral to the primitive streak were all incorporated into the neural tube (n = 11/11 embryos; Figure 1g -i), while epiblast cells flanking the caudal primitive streak gave rise exclusively to mesodermal tissues, including presomitic mesoderm and caudal somites (n = 9/9 embryos; Figures 1j-l). This pattern of contribution was also seen at earlier primitive streak stages (HH4; see Supplementary material). The neural plate adjacent to the primitive streak is thus a unique region containing a mixture of prospective neural and epidermal cells, extending previous studies [6, 7] . This pattern of contribution could be generated by simultaneously labelling of discrete prospective neural and epidermal cell groups, intermingled neural tube and epidermal precursors, and/or pluripotent cells. To distinguish between these possibilities, we assessed the spatial distribution of prospective epidermal and neural cells in this region. This more detailed fate mapping study also allowed us to investigate the possibility that neural stem cells reside within the CNP.
Neural tube and epidermal precursors are interspersed throughout the caudal neural plate
A detailed fate map of the CNP was constructed by iontophoretic application of DiI [8] . This allowed us to label only 1-3 epiblast cells in the HH6 CNP (Figure 1m-o) . The position of each DiI application was measured and recorded on a standardised diagram prior to incubation (see Supplementary material). DiI-labelled cells were scored in whole-mount and a representative subset (n = 9 embryos) cryosectioned to confirm cell fates (Figure 1p-u) . Most labellings gave rise to polyclones that contributed to the neural tube (72/117, 62%). The largest subset was restricted to the neural tube (33/117, 28%; Figure 1p ,q), while others contributed to both epidermis and neural tube (31/117, 27%; Figure 1t ,u), and a small number gave rise to mixed epidermal, neural and somitic (4/117, 3.5%) or neural and somitic (4/117, 3.5%) polyclones. The remaining 38% gave rise to purely epidermis (21/117, 18%; Figure 1r ,s) or somitic tissue (12/117, 10%), or mixed somitic and epidermal polyclones (12/117; 10%). Thus, nearly half of the polyclones contributed to either purely neural (28%) or epidermal tissues (18%). These results were used to construct a detailed fate map of the CNP (Figure 2 ). This map shows that neural tube and epidermal precursors are not in discrete domains but are intermingled (with prospective somitic cells) throughout the CNP. This pattern suggests that neighbouring cells are fated to contribute to different cell lineages (see Figure 2 and Supplementary material). The large number of mixed neural/epidermal polyclones (27%) which originated throughout the CNP supports this conclusion and may also indicate the presence of pluripotent cells within the CNP. Evidence from a single cell lineage study carried out in the later CNP (HH10) shows that even at this stage, some pluripotent cells are present in this region and can contribute to both neural or neural crest and epidermal cell lineages [9] . Together, these findings indicate that cells acquire neural or epidermal cell fates within the CNP throughout its regression and suggest, as prospective epidermal and neural cells are thoroughly intermixed in this region, that these cell fate decisions take place on a cell-by-cell basis.
Neural tube precursors contribute progressively to the caudal neural tube
Each neural tube polyclone was restricted to a discrete rostro-caudal portion of the posterior hindbrain or spinal cord (n = 72; Figure 3a -f). This indicates that as neural tube precursors are left behind by the CNP, they contribute locally to the developing neural tube. Consistent with this, our fate map shows that these cells are organised in an approximate rostro-caudal order within the CNP (Figure 3g ,h). Cells lying adjacent to the node can, however, give rise to rostral or caudal regions of the spinal cord, suggesting that differential cell movements complicate this orderly progression. This pattern of contribution is also consistent with our conclusion that neural tube precursors arise at different times within the CNP, although thus far no multi-site neural polyclones have been observed.
Neural stem cells do not reside in the caudal neural plate
The existence of self-renewing stem cells in chick and mouse embryos has been deduced from the iterative pattern of contribution made by cells located in the primitive streak to the notochord and somites [10, 11] . If neural stem cells reside within the CNP, their regular divisions may generate a similar repeating pattern of contribution within the neural tube. However, all neural polyclones were confined to a single region of the neural tube; cells within such regions were never separated by more than 2-3 somite lengths (n = 72; e.g., Figure 3f ). Although the spacing between labelled cell groups may also reflect relative rates of cell movement/regression as well as the interval between stem cell divisions, this observation suggests that neural stem cells do not reside in the CNP. The presence of such cells should also be indicated by residual DiI labelling in this region, but no such label was found in the regressed CNP (n = 72). Neural stem cells are typically slow dividing [12] and given the relatively short incubation period (~24 h), rapid division and consequent dilution of DiI label is unlikely to account for the absence of labelled cells in this region. These findings therefore suggest that neural tube precursors do not behave as neural stem cells within the CNP. However, once the neural tube precursors have been left behind by the regressing CNP, they give rise to the b-d,h,k,n,p,r,t) dorsal views; (e,f,i,l,o,q,s,u) 
A vertebrate neurogenic region?
The neural stem cells that generate the Drosophila CNS arise within a neurogenic region defined laterally by antagonism of decapentaplegic/bone morphogenetic protein signalling (mediated by Short gastrulation/ Chordin) and delimited medially by cells that form mesoderm [13] . Cells in the neurogenic region can become epidermal or neural and clusters of cells with the potential to become neural precursors express proneural genes. However, only one cell in each cluster comes to express high levels of proneural genes and becomes a neural precursor, while its neighbours become epidermal or may be included in a later round of selection (reviewed in [13, 14] ).
Our fate map of the CNP defines the cellular context in which the chick proneural gene homologue cash4 is expressed. This gene is transcribed heterogeneously within the CNP; indeed the spatial distribution of cells expressing high levels of cash4 is remarkably similar to that of neural tube precursors (see Supplementary material and [4] ). We have demonstrated previously that the cash4 expression domain moves in concert with and is induced by signals from the regressing node [4, 15] . Cash4 expression thus prefigures the rostrocaudal sequence in which the caudal CNS is generated. We have also demonstrated that cash4 retains the transcriptional specificity that mediates proneural gene activity in the fly and that it can promote neural cell fates in the early Xenopus embryo [4] . These functional studies together with our fate map thus raise the intriguing possibility that chick neural tube precursors are specified, as in the fly, over a period of time and on a cell-by-cell basis, by high levels of proneural gene expression. Indeed, the CNP has recently been shown to express both early pan-neural and epidermal markers [16] . Although the expression pattern of these genes has yet to be analysed on a cell-bycell basis, this observation is consistent with our fate map Brief Communication 871
Figure 2
Detailed and supports the proposition that early neural vs. epidermal cell fate decisions are made in the CNP. This predicted role for cash4 contrasts with that of other vertebrate proneural genes, which have been shown to regulate only later steps in neurogenesis [17, 18] . Also, like the Drosophila neurogenic region the boundaries of the CNP are defined laterally by BMP expression, which may be antagonised by Noggin or Chordin expressed in the node [16, 19, 20] , and are delimited medially by prospective mesodermal tissue.
In conclusion, these observations overturn current thinking about the cell fate choice in the vertebrate neural plate. They indicate that the sheet of epiblast cells that constitute the chick CNP is, by virtue of its borders, cell fate choices, successive generation of neural tube precursors and heterogeneous expression of a proneural gene, remarkably analogous to the neurogenic region of the fly. These shared characteristics suggest that many of the cellular and molecular mechanisms underlying specification of individual neural precursors are conserved across species.
Supplementary material
Supplementary material including figures showing the fate of DiI-labelled cells in the HH4 CNP and rostral neural plate, and comparing the spatial distribution of cells giving rise to different fates with the pattern of cash4 expression in the HH6 CNP, and additional methodological details is available at http://current-biology.com/supmat/supmatin.htm.
Figure 4
A model for the generation of the posterior hindbrain and spinal cord. Neural tube precursors (filled circles) left behind by the regressing CNP give rise to discrete rostrocaudal regions of neural tube, where they or their progeny then behave as neural stem cells. The precise level of the CNS generated thus depends on when this takes place. Neighbouring epiblast cells may remain within the regressing CNP (open circles) and continue to regress (blue arrows). These cells contribute to more caudal regions of the CNS either as a result of differential cell movement and/or because they become neural tube precursors later. We speculate that high levels of the proneural gene homologue, cash4, mediate the specification of neural tube precursors within the CNP.
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